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IHDVLELOLW\RI6:%117EDVHGELRVHQVRUV\VWHP
 %HQGLQJYLEUDWLRQPRGHOLQJRIIL[HGIUHHEHDP
)LJ  )L[HGIUHH6:%117EDVHGVHQVRUV\VWHPRIOHQJWK/
4   Saurabh Kumar et al. /  Procedia Materials Science  5 ( 2014 )  2 – 10 
%RXQGDU\FRQGLWLRQV
$WIL[HGHQG
   Z W DQG 
GZ
G[
 
$WIUHHHQG

 
G Z(,
G[
 DQG

 
G Z(,
G[
 
(TXDWLRQVRIPRWLRQFRQVLGHULQJ(XOHUEHDPPRGHOFDQEHJLYHQDV>5DR @
 
  
Z Z$ ( ,
W [
w wU   
w w

7KHWUDQVYHUVHGLVSODFHPHQWFDQEHJLYHQDV
    L Z WZ [ W H : [ 
7KHHLJHQYDOXHSUREOHPFDQEHREWDLQHGDV


 Ȧ : ȡ $  ( ,  
G :
G [

7KHJHQHUDOVROXWLRQWRWKLVSUREOHPLVJLYHQDV
     FR VK V LQK FR V V LQ: [ [ [ [ [ E  E E  E E  E E 
$SSO\LQJERXQGDU\FRQGLWLRQWRDERYHHT
LH   : 


 
 
[
G:
G[




 
 
[
G :
G[





 
 
[
G :
G[
DQGSXWWLQJLQPDWUL[IRUPZHKDYH




   
   

FRVK VLQK FRV FRVK
VLQK FRVK VLQ FRVK
O O O O
O O O O
E­ ½ª º
° °« » E° °« »  ® ¾« » EE E  E E ° °« » ° °EE E E  E¬ ¼ ¯ ¿

)RUQRQWULYLDOVROXWLRQGHWHUPLQDQWVKRXOGYDQLVKZKLFKJLYHVFKDUDFWHULVWLFHTXDWLRQIRUIL[HGIUHHEHDPDV
FRV FRVK  O OE E   
)RUKLJKHUPRGHV
FRV OE  
+HQFHVROYLQJHT
 
Q Q
QO HS§  ·§ ·E  ¨ ¸¨ ¸© ¹© ¹

:KHUHQ «DQGHQLVHUURUE\ZKLFKȕQOGHYLDWHVIRUFRVȕO 
%\FDOFXODWLQJQXPHULFDOO\IRUILUVWPRGHH IRUVHFRQGPRGHH  DQGIRUWKLUGPRGHH 

)URPHT



  
Q Q Q
Q $H
O (,
S§  · U§ ·E    Z¨ ¸¨ ¸© ¹© ¹

2U


  
Q Q
Q (,H
O $
S§  ·§ ·Z  ¨ ¸¨ ¸ U© ¹© ¹

5 Saurabh Kumar et al. /  Procedia Materials Science  5 ( 2014 )  2 – 10 
 0DVVUHVRQDQWIUHTXHQF\VKLIWUHODWLRQIRUIL[HGIUHH6:%117EDVHGELRVHQVRU
7KHYDULDWLRQRIDGGHGDWWDFKHGPDVVLQWHUPVRIGLIIHUHQWW\SHVRIEDFWHULXPRUYLUXVHVWRVHQVRUV\VWHPFDXVHV
VKLIW WR WKH UHVRQDQW IUHTXHQF\ 7KH NH\ LVVXH RI PDVV EDVHG GHWHFWLRQ RI FRQVLGHUHG EDFWHULXPYLUXVHV LV LQ
TXDQWLI\LQJ WKHVKLIW LQ UHVRQDQW IUHTXHQF\GXH WRDGGLWLRQDOPDVVRIEDFWHULXPYLUXVHVRQQDQRWXEH7KHUHVRQDQW
IUHTXHQF\VKLIWLVJLYHQE\
'  I I I 
:KHUH I LV UHVRQDQW IUHTXHQF\ ZLWK QR DWWDFKHG PDVV DQG I LV UHVRQDQW IUHTXHQF\ ZLWK DWWDFKHG PDVV7KH
PLQLPXPVHQVLWLYLW\ 6PLQIL[HGIUHHEHDPIRUIL[HGIUHHEHDPFDQEHJLYHQDV>3DQFKDOHW DO@
PLQ IL[HGIUHHEHDP
$/V

U S 
I 
+HUH
(,
$
I  
U
:KHUH(LV <RXQJ¶V PRGXOXV RIHODVWLFLW\,LVPRPHQWRILQHUWLD$LVDUHDDQGȡLVGHQVLW\RIIL[HGIUHHEHDP
 &RQWLQXXP VROLG PRGHOLQJRI6:%117
7KH RYHUDOO UHVRQDQW EHKDYLRXU RI 6:%117 EDVHG ELRVHQVRU V\VWHP KDV EHHQ DQDO\]HG FRQVLGHULQJ WKH
HTXLYDOHQWFRQWLQXXPVROLGPRGHOLQJEDVHG)(0VLPXODWLRQDSSURDFK>6RKOEHUJHWDO DQG /LXHWDO@
3UHVHQW DQDO\VLV FRPELQHV WKH FRQWLQXXP PHFKDQLFV LQ FRQMXQFWLRQ ZLWK )(0 VLPXODWLRQ SDFNDJH $16<6 WR
SHUIRUPWKHYLEUDWLRQDQDO\VLVRI6:%117EDVHGELRVHQVRUV\VWHP7KHUHVRQDQWIUHTXHQF\EDVHGDQDO\VLVKDVEHHQ
SHUIRUPHG FRQVLGHULQJ PRGDO DQDO\VLV RI VLPXODWHG IL[HG IUHH 6:%117 EDVHG ELRVHQVRU V\VWHPV $PRQJ
QDQRWXEHV WKHFRPELQDWLRQRIVWURQJOLQHDUEHQGLQJIRUFHDFWLQJDORQJORQJLWXGLQDOD[LVRIWKHQDQRWXEHUHVXOWVLQ
LQHTXDOLW\EHWZHHQPDJQLWXGHVRILQWHUDWRPLFIRUFHVDQGXOWLPDWHO\HQGVXSLQDQLVRWURSLFUHODWLRQ>3DQFKDOHWDO
D E@ $Q DVVXPSWLRQ LV PDGH IRU 6:%117 ZKLFK VWDWHV WKDW OLQHDU IRUFHV DFWLQJ DORQJ OHQJWK RI
QDQRWXEHV DQG WKHUHE\ FRQVLGHUHG DV WUDQVYHUVHO\ LVRWURSLF PDWHULDO ZKLFK LV LVRWURSLF DERXW RQH D[LV
>$NLQ@7KLVDVVXPSWLRQOHDGVWRWKHFRPSOLDQFHPDWUL[RIWHUPVRIZKLFKDUHLQGHSHQGHQW
)RUVLPSOLFLW\ WKHF\OLQGULFDO FRRUGLQDWH V\VWHPLVHPSOR\HG WRVLPXODWHWKH6:%117EDVHGELRVHQVRUV\VWHP
IRU)(0 EDVHGPRGDODQDO\VLV7KHFRQVWLWXWLYHUHODWLRQFDQEHREWDLQHGDV>3DQFKDOHWDODE@
  
  
  
 


  
  
  
    
    
    
U U
] ]
] ]
U] U]
U U
' ' '
' ' '
' ' '
' '
'
'
V H­ ½ ª º ­ ½
° ° « » ° °V H° ° « » ° °
° ° « » ° °V H° ° ° ° « »® ¾ ® ¾W  J« »° ° ° °
« »° ° ° °W J
« »° ° ° °
W J« »° ° ° °¯ ¿ ¬ ¼ ¯ ¿
T T
T T
T T

:KHUH 'LM FRUUHVSRQGV WR VWLIIQHVV FRHIILFLHQWV 7KH PDWHULDO SURSHUWLHV RI 6:%117 DUH FRQVLGHUHG DV WKH
HODVWLFPRGXOXVRI േ 73D>&KRSUDHWDO@WUDQVYHUVHPRGXOXVRI*3DDQG3RLVVRQ¶VUDWLRRI
WR HVWLPDWH WKH VWLIIQHVV FRHIILFLHQWV 7KH PDVV GHQVLW\ ȡ KDV EHHQ FRQVLGHUHG DV  NJP >&KRSUD HW DO
3DQFKDOHWDOD DQG 3DQFKDOHWDO@7KHVWLIIQHVVFRHIILFLHQWVDUHWDNHDVSHU$SSHQGL[ $ DVDQ
LQSXWGDWDIRUWKHFRQWLQXXPVROLGPRGHOLQJEDVHGVLPXODWLRQDSSURDFK >3DQFKDOHWDODE@
7KHQDQRVFDOHDWWDFKHGPDVVDW WKHWLSRIIL[HGIUHHQDQRWXEHLQWHUPVRIEDFWHULXPRUYLUXVHV LVVLPXODWHGE\
LQFUHDVLQJ WKH OHQJWK RI WKH QDQRWXEH DW IUHH HQG DV VKRZQ LQ ILJ  7KH DWWDFKHGPDVV KDV EHHQ WDNHQ DV DQ
DGGLWLRQDOOHQJWKRIVDPHGLDPHWHUDQGWKLFNQHVVRI6:%117
7KHLQFUHDVHLQOHQJWK/KDVEHHQFDOFXODWHGDV
6   Saurabh Kumar et al. /  Procedia Materials Science  5 ( 2014 )  2 – 10 
PDVVDWWDFKHG

P/
$
 
U

:KHUHPPDVVDWWDFKHG LVPDVVDWWDFKHGDWIUHHHQGRIIL[HGIUHHEHDP
)LJ )L[HGIUHH6:%117EDVHGVHQVRUV\VWHPZLWKDWWDFKHGPDVVRIOHQJWK /
 5HVXOWVDQGGLVFXVVLRQ
7KHDLPRISUHVHQWVWXG\LVWRYDOLGDWHWKHIHDVLELOLW\RI6:%117EDVHGELRVHQVRUV\VWHPLQRUGHUWRLGHQWLI\WKH
EDFWHULXPRUYLUXVHV WKDWDUHDWWDFKHG WR WKH IUHHHQGRI IL[HG IUHH6:%117)RU WKHSUHVHQW UHVRQDQW IUHTXHQF\
EDVHG DQDO\VLV RI 6:%117 EDVHG ELRVHQVRU V\VWHP LQIRUPDWLRQ UHJDUGLQJ WKH PDVVHV RI YDULRXV EDFWHULXP RU
YLUXVHVWREHDWWDFKHGDUHQHHGWREHNQRZQ7KHVHDUHDYDLODEOHLQPRQRJUDSKVRI)UDQNHO&RQUDW *XQVDOXV
DQG6WDLQHU  DQG(OLVKDNRII HWDO 7KHYDULRXVFRQVLGHUHGEDFWHULXPRUYLUXVHVXVHGLQSUHVHQWVWXG\
DUHPHQWLRQHGLQ7DEOH
7DEOH9DULRXVEDFWHULXPRUYLUXVHVXVHGLQVWXG\
7\SH %DFWHULXP9LUXVHV 0DVV LQNJ
Y 2UWKRP\[RYLULGDH (
Y 7RJRYLULGDH6PDOOHVW (
Y 3RO\RPD (
Y 6WDSKLORFRFFXV (
Y 7RJRYLULGDH/DUJHVW (
Y &DOLFLYLULGDH (
Y 1XGDXUHOLD (
7DEOH3URSHUWLHVRI6:%117RIFRQVLGHUHG OHQJWKKDYLQJZDOOWKLFNQHVVRIQP
'LDPHWHU /HQJWK 0DVVNJ )XQGDPHQWDOIUHTXHQF\0+]
0LQLPXPVHQVLWLYLW\NJ+]
$VSHU(TXDWLRQ
QP ȝP (  (
QP ȝP (  (
QP ȝP (  (
 QP ȝP (  (
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7KH QDQRWXEHV RI GLIIHUHQW OHQJWK  ȝP  ȝP  ȝP DQG  ȝP DUH FRQVLGHUHG ZLWK HDFK QDQRWXEH
SRVVHVVLQJ GLDPHWHU RI  QP DQG HIIHFWLYH ZDOO WKLFNQHVV RI  QP 7DEOH  VXPPDUL]HV WKH SURSHUWLHV RI
FRQVLGHUHGGLIIHUHQWQDQRWXEHV
)LJXUH  VKRZV WKH DQDO\WLFDO UHVXOWV RI ILUVW WKUHH PRGHV RI YLEUDWLRQV IRU FRQVLGHUHG GLIIHUHQW OHQJWKV RI
QDQRWXEHV7KHDQDO\WLFDOUHVXOWVDUHREWDLQHGFRQVLGHULQJHDFKQDQRWXEHDVLVRWURSLFPDWHULDOZLWKGHQVLW\RI
NJPDQG<RXQJ¶VPRGXOXV73D7KHREWDLQHG UHVXOWV LQGLFDWH WKDW DV OHQJWKRI WKHQDQRWXEH LQFUHDVHV WKH
H[FLWDWLRQUHVRQDQWIUHTXHQF\GHFUHDVHVIRUDOOWKUHHPRGHVRIYLEUDWLRQ
)LJ  )LUVWWKUHHPRGHVRIUHVRQDQWIUHTXHQF\IRUYDULRXV FRQVLGHUHGQDQRWXEHV
)LJ  9DULDWLRQLQUHVRQDQWIUHTXHQF\GXHWRDWWDFKHGEDFWHULXPRUYLUXVHVDWIUHHHQGRIIL[HGIUHH6:%117EDVHGELRVHQVRUV\VWHP RI
GLIIHUHQWFRQVLGHUHGOHQJWKV
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7KH UHVRQDQW IUHTXHQF\YDULDWLRQEDVHGDQDO\VLV LVSHUIRUPHG IRU GLIIHUHQWFRQVLGHUHG OHQJWKV)LJXUH VKRZV
WKH REWDLQHG FRQWLQXXP VROLG PRGHOLQJ EDVHG VLPXODWLRQ UHVXOWV RI UHVRQDQW IUHTXHQF\ YDULDWLRQ GXH WR DWWDFKHG
YDULRXVEDFWHULXPRUYLUXVHVDWIUHHHQGRIIL[HGIUHH6:%1177KHGLIIHUHQFHLQVLPXODWHGUHVXOWV DQGDQDO\WLFDO
UHVXOWV RI UHVRQDQW IUHTXHQF\ YDULDWLRQ EHFDXVH RI YDULRXV EDFWHULXP RU YLUXVHV DWWDFKHG DW IUHH HQG RI IL[HG IUHH
6:%117LVVXPPDUL]HGLQ7DEOHZKLFKLQGLFDWHVWKHSHUFHQWDJHHUURULQVLPXODWHGUHVXOWVDQGDQDO\WLFDOUHVXOWV
,W LV FOHDU IURP 7DEOH  WKDW FRQWLQXXP VROLG PRGHOLQJ EDVHG VLPXODWLRQ UHVXOWV DUH LQ VHQVLEOH DJUHHPHQW ZLWK
DQDO\WLFDO UHVXOWV 7KH YDULDWLRQ LQ SHUFHQWDJH HUURU LQ VLPXODWLRQ UHVXOWV LV LQ UDQJH RI  WR ZLWK FORVH
SUR[LPLW\ZLWK WKH DQDO\WLFDO UHVXOWV IRU WKH FRQVLGHUHG OHQJWKVRI ȝPȝPDQGȝP )RUQDQRWXEHVRI
OHQJWKȝP WKHSHUFHQWDJHHUURUYDU\ LQ WKH UDQJHRI WR:KLFKYDOLGDWHV WKHSUHVHQWHGFRQWLQXXP
VROLG PRGHOLQJ EDVHG VLPXODWLRQ DSSURDFK DQG FDQ EH XVHG IRU WKH GHVLJQ RI QDQRPHFKDQLFDO ELRVHQVRU V\VWHPV
EDVHGRQ6:%117
7DEOH3HUFHQWDJHHUURULQ)(0VLPXODWHGUHVXOWVFRPSDUHGZLWKDQDO\WLFDOUHVXOWV
7\SHRIEDFWHULXPRUYLUXVHV
0DVV 3HUFHQWDJHHUURULQ)(0VLPXODWHGUHVXOWV
DWWDFKHG
/HQJWKȝP /HQJWKȝP /HQJWKȝP /HQJWKȝP
LQNJ
2UWKRP\[RYLULGDHY (    
7RJRYLULGDH6PDOOHVWY (    
3RO\RPDY (    
6WDSKLORFRFFXVY (    
7RJRYLULGDH/DUJHVWY (    
&DOLFLYLULGDHY (    
1XGDXUHOLDY (    
)LJ  9DULDWLRQLQIUHTXHQF\VKLIWǻ I IRU YDULRXVDWWDFKHGFRQVLGHUHGEDFWHULXPRU YLUXVHVDWIUHHHQGRI6:%117RIGLIIHUHQWFRQVLGHUHG
OHQJWKV
)LJXUHVKRZVWKHYDULDWLRQRIIUHTXHQF\VKLIWǻ IEDVHGRQFRQWLQXXPVROLGPRGHOLQJEDVHGVLPXODWLRQDSSURDFK
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IRU WKH DWWDFKHG EDFWHULXP RU YLUXVHV DW WKH WLS RI WKH IL[HG IUHH 6:%117 EDVHG ELRVHQVRU V\VWHP RI GLIIHUHQW
FRQVLGHUHG OHQJWKV ,W LV EHHQ REVHUYHG WKDW IUHTXHQF\ VKLIW LQFUHDVHV ZLWK LQFUHDVH LQ DWWDFKHGPDVV LQ IRUP RI
EDFWHULXPRUYLUXVHVDQGDOVRLQFUHDVHVDVOHQJWKRIQDQRWXEHGHFUHDVHV)URPWKHREWDLQHGUHVXOWVLWLVGHSLFWHG WKDW
UHVRQDQWIUHTXHQF\VKLIWEHFRPHODUJHUZKHQQDQRWXEHVLVVKRUWHU)URPILJ LW LVFOHDUWKDWIRUFRQVLGHUHGOLJKWHVW
EDFWHULXPYLUXV1XGDXUHOLDYWKHIUHTXHQF\VKLIWLVGHWHFWDEOH$VOHQJWKRIQDQRWXEHVGHFUHDVHVIUHTXHQF\VKLIWǻ
I IRU WKH OLJKWHVW EDFWHULXPRU YLUXV 1XGDXUHOLD LQFUHDVHV6XFKYDULDWLRQ LQ UHVRQDQW IUHTXHQF\ VKLIWǻ I DJDLQVW
YDULDWLRQLQVL]HRIQDQRWXEHVXJJHVWVWKDWVHQVLWLYLW\RIIL[HGIUHH6:%117EDVHGELRVHQVRUFDQEHLPSURYHGE\
VFDOLQJGRZQWKHLUVL]H
 &RQFOXVLRQ
7KH SUHVHQW ZRUN DVVXUHV WKH IHDVLELOLW\ RI 6:%117 EDVHG ELRVHQVRU V\VWHPV IRU WKH SRVVLEOH PDVV EDVHG
GHWHFWLRQ RI WKH FRQVLGHUHG GLIIHUHQW EDFWHULXP RU YLUXVHV 7KH PDVV EDVHG GHWHFWLRQ RI WKH FRQVLGHUHG GLIIHUHQW
EDFWHULXP RU YLUXVHV KDV EHHQ SHUIRUPHG FRQVLGHULQJ UHVRQDQW IUHTXHQF\ EDVHG DQDO\VLV 7KH FRQWLQXXP VROLG
PRGHOLQJ EDVHG VLPXODWLRQ DSSURDFK LV IRXQG WR EH LQ VHQVLEOH DJUHHPHQW ZLWK FRQWLQXXP PHFKDQLFV EDVHG
DQDO\WLFDO EHQGLQJ YLEUDWLRQPRGHOLQJ RI WKH IL[HG IUHH 6:%117 ,Q RUGHU WR ILQG RXW SRVVLEOH HQKDQFHPHQW LQ
VHQVLWLYLW\RIRYHUDOOVHQVRUV\VWHPWKHYDULDWLRQLQIUHTXHQF\VKLIWIRUGLIIHUHQWFRQVLGHUHGOHQJWKVRIQDQRWXEHVKDV
EHHQSHUIRUPHG7KHREWDLQHGUHVXOWVVXJJHVWWKDWGHWHFWLRQRIWKHEDFWHULXPYLUXVKDYLQJPDVVRI[NJ
FDQEHHIIHFWLYHO\SHUIRUPHGDQGRYHUDOOVHQVLWLYLW\RI WKH6:%117EDVHGELRVHQVRUV\VWHPFDQEHHQKDQFHGE\
VFDOLQJGRZQLWVVL]H
$SSHQGL[$
6WLIIQHVVFRHIILFLHQWVIRU6:%117
6WLIIQHVV[ 1P
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
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